Possible water uses in mining lakes: case study of Aguas Claras, Brazil by Eduardo von Sperling (7218071) & C.A.P. Grandchamp (7225106)
refereed paper
33rd WEDC International Conference, Accra, Ghana, 2008
aCCeSS TO SaNITaTION aNd Safe WaTer:
GLOBaL parTNerSHIpS aNd LOCaL aCTIONS
Possible water uses in mining lakes:  
Case study of Aguas Claras, Brazil
E. v. Sperling & C. A. P. Grandchamp, Brazil
The paper presents a Brazilian experience related with the decommissioning of an exhausted mining activity 
and the consequent formation of a pit lake. This water body, which is still in a process of filling, will reach 
the final depth of 234 m, being hence the deepest lake in the country. Since 2001 (first year of formation) 
the water quality has been monitored on a monthly basis. The aquatic environment is absolutely free from 
contamination and presents an excellent water quality. There is a marked shift in the dominance of algae 
groups, probably due to this early stage of creation of a new ecosystem. Some conflicts are now arising 
regarding the possible water uses. The high water quality allows a sound utilization for urban supply, but 
the manifestations of the population (through public hearings) is towards the utilization of the lake for 
recreational purposes and landscape harmony. The paper discusses the origin and possible solutions for 
these conflicts.
Introduction
Mining lakes constitute a new type of aquatic environment, which has been so far very little explored in the 
technical literature. These lakes are generally narrow and deep, presenting hence only partial vertical circula-
tions. This feature restricts hydrobiological growth and biodiversity in these habitats. Most of the technical 
papers related to the ecology of pit lakes deal with the formation of acidic environments (Klapper & Schultze 
1995; Miller et. al. 1996, Levy et. al. 1997; Geller et. al. 1998; Stevens & Lawrence 1998; packroff 2000; 
Lessmann et. al. 2000; Kalin et. al. 2001; Boland & padovan, 2002; Hindak & Hindáková, 2003; Lessmann 
et.al., 2003; frömmichen et.al., 2004; Triantafyllidis & Skarpelis, 2006; Boldau, 2006). Moreover these lakes 
are able to fulfill a relevant landscape requirement, offering an harmonic component to the local environment 
and allowing adequate conditions for recreational activities. They may also act as water supply resources, 
provided that the water quality is good enough to avoid expensive treatment processes.
Case study
This paper presents the case study of the current formation of Lake Aguas Claras, located in the city of Belo 
Horizonte, Brazil (see Figure 1). The filling of the lake began in the year 2001 and a very detailed monitoring 
programme (physical, chemical and biological characteristics) is since then in course. This lake will have a 
final area of 0.7 km2 and the impressive depth of 234 m, which will make it the deepest lake in the country. 
The water used for filling up the lake comes from rain, ground water and supplementary pumping of river 
water from the vicinity of the lake. rainy season lasts from October to March, while the dry period extends 
from april to September.
The morphology of the lake points out a very high value of relative depth (relationship between maximum 
depth and mean diameter, i.e. diameter of a circle of the same area as the lake - 25 %), according to Håkanson 
(1981), indicating the existence of a meromitic behaviour (partial vertical circulations) and the probable 
anaerobic condition that will be obtained at the bottom of the water body. Meromoxis in mining lakes has 
been discussed in Stevens and Lawrence (1998). However, due to the high maximum depth, phosphorus re-
mobilization should not reach the euphotic zone, preventing hence the onset of an eutrophication process.
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Figure 1. Location of Lake Aguas Claras
Materials and methods
an extensive monthly monitoring programme has been carried out since the beginning of the lake forma-
tion (august/2001).The most relevant physical, chemical and biological indicators for the evaluation of the 
water quality have been continuously analyzed. all employed analytical methods are based on the recom-
mendations of the Standard Methods for the Examination of Water and Wastewater (apHa, 1998). due 
to the small surface of the lake, there is just one sampling point, which is located in the central part of the 
water body, corresponding to its maximum depth. Samples have been taken at the surface (Secchi depth) 
and at the bottom of the lake.
Results and discussion
a summary of some of the most relevant water quality parameters is presented below:
Water temperature: a clear seasonal distribution of temperature values can be observed (figure 2). The 
stratified condition dominates most of the year, while circulation takes place only during winter months 
(June to august). This monomitic (one circulation per year) behaviour is a typical feature in the majority 
of tropical lakes.
Figure 2. Water temperature Figure 3. Dissolved oxygen
Dissolved oxygen; there is a marked influence of the temperature in the rate of atmospheric oxygen transfer 
to the water, with higher values being obtained in colder months (June to august) (figure 3), due to the more 
intense process of gas transfer under lower temperatures; moreover the algae photosynthetic activity leads 
to the prevalence of higher concentrations in the upper layers, with occasional records of supersaturation 
(values over 9 mg/L); it should be observed that dissolved oxygen concentrations are always higher than 4 
mg/L, even at the bottom layers; however a drastic fall of values is expected for the next years in this lower 
region of the water body;
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Secchi depth: values between 0.5 m and 6.5 m ; there is an upward trend in the clarity of water as long as 
the lake is being filled (Figure 4);
pH:  ranges from 6.9 to 9.6 (figure 5); higher values are registered at the surface of the lake (primary pro-
duction, CO2 absorption) in comparison with the bottom (decomposition of organic matter, CO2 release); 
Figure 4. Secchi depth Figure 5. pH
Nutrients: Total phosphate concentrations show a slight trend of higher values (max. 0.18 mg/L) at the 
bottom layers during stratification periods, according to other experiences in tropical lakes (Tundidi & Saijo, 
1997); these concentrations cannot be considered as elevated, since there is a noteworthy background pres-
ence of phosphate in the soils of the geological region of the State of Minas Gerais; almost all values of 
soluble phosphorus are below 0.01 mg/L, with a maximum concentration of 0.02 mg/L; in a future scenario 
this soluble fraction will probably predominate at the bottom of the lake as a consequence of internal ferti-
lization processes. ammonium nitrogen shows values between < 0.05 mg/L and 0.4 mg/L, while for nitrate 
nitrogen the concentrations range from < 0.01 mg/L to 1.3 mg/L with a clear dominance of the oxidyzed 
fraction (nitrate) over the reduced one (ammonium), what is consistent with the good oxygenation condi-
tions in the lake.
Figure 6. Hardness Figure 7. Electric conductivity
BOd: values range from < 0.1 mg/L to 4.3 mg/L, with about 80 % of the results under 1 mg/L;
Hardness: values generally between 30 and 50 mg/L (figure 6). pointing to a low to moderate degree of 
hardness; since 2006 this parameter is monitored only every 3 months; in the last sample (february/07) a 
sudden fall (to 5 mg/L) has been observed, reinforcing a decreasing trend;  
electric conductivity: very low variations (figure 7), with the majority of values in the amplitude from 
60 to 80 μS/cm;
Turbidity: usually very low values (figure 8), following the seasonal variations of rainy and dry peri-
ods;
fe and Mn: Iron concentrations oscillate from < 0.05 mg/L (surface) to 1.73 mg/L (bottom) (figure 9); such 
values are typical for drainage basins with high iron contents from geochemical origin, as is the case of Lake 
aguas Claras; manganese values range between  < 0.05 mg/L (60 % of the results) and  0.17 mg/L (at the 
bottom); 
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Figure 8. Turbidity Figure 9. Iron
Chloride: permanently very low values, from < 0.25 mg/L (about  50 % of the results) to 1.7 mg/L;
Heavy metals and other pollutants (phenols, oil and grease, cyanide): virtually absent, only aluminium has 
been occasionally detected (0.12 to 0.22 mg/L).
Bacteriology: very good bacteriological quality; about 90 % of the results of  faecal coliforms, escherichia 
coli and faecal streptococci are lower than 2 MpN/100mL.
phytoplankton: a marked shift in the dominance of phytoplanktonic groups can be observed (figure 10). 
There is a general prevalence of Chlorophyta (35 % of the population), followed by Chrysophyta (32 %) and 
pyrrophyta (23 %). Cyanophyta algae (Cyanobacteria), in spite of being present only in small populations (5 
%) is always a serious concern in Brazilian lentic waters, since the first registers of human deaths due to in-
gestion of cyanotoxins happened in 1996 in the city of Caruaru, Brazil (azevedo et. al. 1996). These frequent 
alternations in the algae dominance is typical of aquatic systems that are undergoing a process of formation, 
such as mining lakes. due to an enhanced nutrient concentration in the dry season there is a trend in obtaining 
higher algal densities in the winter time (May to august). The occurrence of phytoplankton peaks in the period 
following the end of the rainy season (March to May) is a typical feature in  some Brazilian lentic systems 
(esteves 1998, pinto-Coelho et. al. 2003), possibly as a consequence of the onset of favourable limnological 
conditions (decrease in turbidity, weaker winds) after the end of the wet period.
Zooplankton: clear dominance of rotifera and Crustacea (figure 11), as expected in the case of lakes; pro-
tozoa is just occasionally present in the water samples.
Figure 10. phytoplanktonic groups Figure 11. Zooplanktonic groups
The results show a very good water quality, practically free from contaminants. One of the most relevant 
issues in the environmental study of Lake aguas Claras is the destination of the water body and its surround-
ing area. due to the prognosis of the maintenance of a good water quality, the possible uses of the lake will 
be directed to recreation (swimming, diving, sailing, fishing), amenity value and water supply. This latter use 
will have a remarkable topographic advantage, since the lake location (a pit formed in the mountains) will 
enable a water distribution by gravity. On the other hand there is a strong anthropic pressure directed towards 
the urban occupation of one of the most valuable areas in the city of Belo Horizonte. How to harmonize 
this conflict has become a challenge for the local environmental agency. It should be stressed that the site 
is surrounded by mountains, what gives a nice sensation of privacy and intense contact with nature. On the 
other hand noble soil parcels are situated in neighbouring areas, so the investors are keen on establishing a 
proper urbanisation in the vicinity of Lake aguas Claras, which would lead to the creation of probably the 
finest living place inside the city of Belo Horizonte. However, according to the local environmental agency, 
the decommissioning of the area should be followed by sound protective measures in order to ensure a 
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broader use of this valuable water resource by the population. The good results that have been obtained in 
six years of water quality monitoring programme is surely one of the most relevant points that favour the 
solution of an adequate preservation of the natural area. Moreover these informations constitute a solid base 
for guiding future mining decommissioning processes that will take place in the same region, known as the 
Iron Quadrangle. Currently some ideas are being worked out by the environmental agency together with 
representatives of civil society in order  to define the best way of land occupation, such as the use of lake 
surrounding areas as a sort of ecobusiness complex, i.e., hotels, convention centers and commercial build-
ings, which should gently harmonize with the local green areas.
Conclusions and learning points
Lake Águas Claras presents a very good water quality (well oxygenated, low values of colour and turbidity, 
limited degree of mineralization, pH slightly alkaline, low nutrient concentrations, excellent bacteriological 
conditions), together with a quite interesting shift in the dominance of phytoplanktonic groups, indicating the 
high instability of lakes that are undergoing a process of formation. The fact of being located in the tropical 
region of our planet causes an acceleration of all metabolic processes in the warm waters of the lake. This 
enhanced dynamics is one of the most relevant features of tropical environments. Consequently changes in 
the water quality don’t follow regularly an annual pattern and daily variations can be often more significant. 
One relevant point in the management of this valuable water resource is how to create adequate conditions 
for the protection of the aquatic environment together with a sound occupation of the surrounding areas and 
the development of multiple uses in the lake.
References
apHa (1998) Standard methods for the examination of water and wastewater, 20. ed., Washington dC, 
american public Health association.
azevedo, S.M.f.O., evans, W.r., Carmichael, W.W. and Namikoshi, M. (1996) First report of mycro-
cystins from a Brazilian isolate of the cyanobacterium Microcystis aeruginosa. Journal of applied 
phycology  6, pp. 261-265.
Boland, K.T. and padovan, a.V. (2002) Seasonal stratification and mixing in a recently flooded mining 
void in tropical Australia. Lakes and reservoirs: research and Management 7, pp. 125-131.
Boldau, C. (2006) A review of acidity generation and consumption in acidic coal mine lakes and theirv-
watersheds. Science of the Total environment 369, pp. 307-332.
esteves, f. Fundamentos de Limnologia (in portuguese) (1998). ed. Interciência, rio de Janeiro, Brazil.
frömmichen, r., Wendt-potthoff, K., friese, K. and fischer, r. (2004) Microcosm studies for neutraliza-
tion of hypolimnic acid mine pit lake (pH 2.6). environm. Sci. Technol. 38, pp.1877-1887.
Geller, W., Klapper, H. and Salomons, W. (1998) Acidic mining lakes. Springer, New York.
Håkanson, L. (1981) A Manual of Lake Morphometry. Springer Verlag, Berlin.
Hindak, f. and Hindáková, a. (2003) Diversity of cyanobacteria and algae of urban gravel pit lakes in 
Bratislava, Slovakia: a survey. Hydrobiologia 506, pp.155-162.
Kalin, M., Cao, Y. Smith, M. and Olaveson, M.M. (2001) Development of the phytoplankton community 
in a pit-lake in relation to water quality changes. Water research 35, pp. 3215-3225.
Klapper, H. and Schultze, M. (1995) Geogenically acidified mining lakes – living conditions as possibility 
of restoration. Internationale revue der Gesamten Hydrobiologie 80, pp. 639-653.
Lessmann, d., fyson, a. and Nixdorf, B. (2000) Phytoplankton of extremely acidic mining lakes of Lusa-
tia (Germany) with pH < 3. Hydrobiologia 433, pp.123-128.
Lessmann, d., fysun, a. and Nixdorf, B. (2003) Experimental eutrophication of a shallow acidic mining 
lake and effects on the phytoplankton. Hydrobiologia 509, pp.753-758.
Levy, d.B., Custis, K.H., Casey, W.H. and rock, p.a. (1997) The aqueous geochemistry of the abandoned 
Spenceville copper pit, Nevada County. California. Journal of environmental Quality 26, pp. 233-243.
Miller, G.C., Lyons, W. and davis, a. (1996) Understanding the water quality of pit lakes. environmental 
Science and Technology News 30, pp.118-123.
packroff, G. (2000) Protozooplankton in acidic mining lakes with special respect to ciliates. Hydrobio-
logia 433, pp. 157-166.
pinto-Coelho, r., Bezerra-Neto, J.f., Giani, a., Macedo, C.f., figueiredo, C.C. and Carvalho, e.a. (2003) 
The collapse of Daphnia laevis (Birge, 1878) population in Pampulha Reservoir, Brazil. acta Limno-
VON SperLING & GraNdCHaMp
380
logica Brasiliensia 15, pp. 53-70.
Stevens, C.L. and Lawrence, G.a. (1998) Stability and meromixis in a water-filled mine pit. Limnology 
and Oceanography  43, pp. 946-954.
Triantafyllidis, S. and Skarpelis, N. (2006) Mineral formation in an acid pit lake from a high-sulfidation 
ore deposit. Journal of Geochemical exploration 88, pp. 68-71.
Tundisi, J.G. and Saijo, Y. (1997) Limnological studies on the Rio Doce Valley Lakes, Brazil. Brazilian 
academy of  Sciences, Brazil.
Keywords
mining lake, decommissioning, water uses
Contact details
eduardo von Sperling
av. Contorno 842, B. Horizonte, Brazil
Tel: 55 31 323811880
fax: 55 31 323811879
email: eduardo@desa.ufmg.br
César augusto paulino Grandchamp
av. Ligação s/n, Nova Lima
Tel: 55 31 32893115
email: cesar.grandchamp@cvrd.com.br
